Future high luminosity low energy machines will need low mass tracking chambers in order to minimize multiple scattering of the relatively low momentum tracks produced at these facilities. A drift chamber using a helium based gas rather than a conventional argon based gas would greatly reduce the amount of multiple scattering. This paper summarizes measurements of the drift velocity and position resolution for gas mixtures of helium with CO2 and isobutane and helium with DME. Good spatial resolutions are obtained. A design of a drift chamber with only 0.12% of a radiation length (gas plus wire) over a 60 cm tracking distance is presented.
Introduction
At future B factories, Tau/Charm factories, or Phi factories, the availability of large samples of events will provide measurements with small statistical errors.
It will be desirable to reduce the systematic errors also. One of the limitations on the momentum resolution of tracks at these energies, which are predominantly at low.momenta ( < 1.0 GeV/c), is the error due to multiple scattering in the tracking ; cchambers. Another source of error at high luminosity electron-positron machines is the synchrotron photons that can cause high singles rates in the tracking chambers, causing confusion in the track finding and fitting. Both of these problems can be minimized by reducing the amount of scattering material in the tracking chambers with the use of a gas with low atomic number, such as helium, and wire material with low mass. This paper describes measurements of drift chamber properties with helium based gases, and also presents a design of a drift chamber with a helium based gas for use at a B factory.
Typical large drift chambers using an argon gas can achieve spatial resolutions of about 140 pm and momentum resolutions of about (0.5 to l.O)p%, where p is the transverse momentum of the track in GeV/c. Multiple scattering in the chamber adds about 0.7% in quadrature to the momentum resolution. For track momenta less than 0.5 GeV/c, the momentum resolution is dominated by multiple scattering. Since the radiation length of helium is much longer than that of argon, a helium based gas mixture could reduce the multiple scattering term considerably. Helium alone is not a stable gas for drift chambers and must be mixed with a quencher. The first large drift chamber to use helium measured a resolu-, tion of 260 pm [l] with a mixture of helium and 6% propane. Measurements in a
I&ijkII prototype chamber with a helium:C02:isobutane(78:15:7%) mixture indicated a resolution equal to that with an argon based gas [2] . Recent measurements
with varying amounts of CO2 and isobutane in helium have been reported by our group [3] and by Playfer et al. [4] , h s owing that good spatial resolution is attainable. Mixtures of helium-DME have been used by Cindro et al. [5] and Playfer [4] ,
showing that even better resolutions are provided by these mixtures.
Gas Properties
Properties of individual gases and gas mixtures are shown in Table 1 [6, 7] , giving the radiation length X0 and the primary and total ion-pair production in the gas at 1 atm and 20°C from a minimum ionizing particle. One interesting property of helium mixtures is the possibility of increased -ionization due to the Penning effect. Helium has a metastable state at 19.8 eV, which is higher than the ionization levels of other components (13.7 eV for CO2, 10.6 eV for isobutane) used in the mixtures in Table 1 . Helium atoms that are excited to metastable states by the passage of a particle in the gas or in the %@Ianche process near the sense wire, are able to transfer energy by collision to other atoms, which in turn ionize and so increase the total number of primary ions.
In pure helium, the metastable states can only de-excite by photon emission, and not by ionization. Some studies of Penning mixtures have been made on Ne-Ar mixtures [8, 9] , but no calculations have been found for the mixtures considered here.
Spatial Resolution
Our measurements in He-COa-isobutane [3] were made in a jet cell having a maximum drift distance X of 33 mm, a sense wire diameter of 30 pm, and six sense wires spaced 8.33 mm apart. Figure 1 shows the spatial resolution from approximately 1000 cosmic ray tracks in the cell for each gas mixture operating at a charge density of about 14 nC/ m on the sense wire (for a chamber voltage of 4600 V), and an electric field of 900 V/cm in the uniform field region. For th.e HCI107 mixture, the resolution is very similar to that of the Argon mixture. HC1107 mixture appears to be the best overall choice for providing the longest radiation length, the best resolution, and the largest operating region in chamber volt age.
Another gas mixture of interest is He:DME. The radiation length of DME is relatively large, it provides a large number of ion-pairs, and is a good quencher.
Measurements in He:DME(70:30%) mixtures by Cindro et al. [5] in a small cell geometry, and by Playfer et al. [4] in a jet cell geometry are shown by the dashed lines in fig. 1 . The resolution near the wire is comparable to that for 3&i He:CO 2:isobutane mixture, but has a considerably better resolution of about 80 pm at a few millimeters from the sense wire.
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Drift velocities in helium mixtures tend to be relatively slow, as shown in fig. 3 . At E/p values of 600 V/cm at 1 atm, the drift velocity for the HC1107 gas is about 18 pm/ns, and for the mixture with 30% DME it is about 6 pm/ns.
Whether such a low drift velocity is desirable or not depends on the experiment.
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Cell Design Considerations For Helium Mixtures
Having greatly reduced the amount of material in the gas by using a helium mixture, the wire material becomes significant and its mass must also be reduced.
One would like to choose a cell design with the least amount of wire volume in the chamber, and a wire material with the least amount of radiation lengths.
_ In a B factory workshop at SLAC [2] , we made detailed comparisons between a small cell and a jet cell drift chamber for use at a B factory. In both cases we considered 40 layers of sense wires, grouped into eight or ten superlayers, with the superlayers alternating between axial (wires along the cylindrical axis) and stereo (wires at about 3' to the axis) directions; the inner and outer radii of the chamber were 18 and 80 cm, respectively. The (half) cell sizes used were 7.5 mm for the small cell and 25 mm for the jet cell. Sense wires were spaced 10 mm apart in the jet cell. The most obvious difference between the two cases is the fewer number of sense and field wires in the jet cell, by about a factor of two, and the linear electric field in the jet cell. The jet cell has the advantage of fewer electronic channels, and a simpler time-to-distance relation, but the small cell also has its advantages.
We studied the amount of wire material, averaged over all cells, for the two -&$igns and found that even though the small cell has more wires, the total amount of wire material is less in the small cell case by about 16%. This is primarily due to the additional (thicker) wires necessary in the jet cell at the ends of the cell, where the fields on the wires are large due to boundary effects between superlayers.
There are other advantages in the small cell design. The spatial resolution is better because diffusion is not a factor at small drift distances. The aging lifetime should be better by a factor of two, because the ionic volume swept by a sense wire is half as large. The pipeline electronics can be shorter because the maximum drift :%rne is smaller by a factor of three. Particle identification by dE/dX is slightly better, since all the gas is sampled (jet cells have dead space between superlayers).
Finally, the critical tension needed on the sense wires for electrostatic stability is about five times less [2] for th e small cell than for the jet cell. This means that sense wire tensions, and also field wire tensions, can be reduced in the small cell design, thereby reducing the thickness of the end plates. This also allows lighter materials (such as aluminum, which tends to creep at higher tensions) to be used safely for the field wires at a lower tension,
We have chosen a small cell for our B factory R&D, and considered both a square cell as well as a hexagonal design. The helium based gases all have drift velocities that are almost linear with electric field at low electric field values, so any cell with a low field region will suffer with long collection times. The corner regions of the square cell have such undesirable low fields. A hexagonal design has much less of a corner, and would be a better choice, except for the matching difficulty at superlayer boundaries. A possible solution is to place additional wires at the mid radius of the zigzag pattern of field wires at a layer boundary, producing a layer of wires at a constant radius which now allows azimuthal dislocation of cells across superlayer boundaries, as shown in fig. 4 . In effect, the hexagonal cells become s$@re at the superlayer boundary. With the above cell structure, we can calculate the total radiation lengths in a B factory chamber and the expected resolution. Table 2 shows the amount of radiation lengths in a chamber with 40 cylindrical layers of hexagonal cells extend--" cing in radius from 19 cm to 80 cm with 6800 cells total. The total material seen by a track traversing at 90' to the chamber axis is 0.0012 radiation lengths for the HC1107 gas/aluminum wire compared with 0.0066 for the argon mixture/copper wire. Figure 6 shows the momentum resolutions for these cases, calculated by a computer program by W. Innes [ll] which uses the method of Billoir [12] to treat the correlated errors from multiple scattering from layer to layer. Three layers of silicon strip detectors at a radius of 2.7 cm from the interaction point have also been included. The magnetic field is 1.0 Tesla. Average spatial resolutions of 140, 140, and 110 pm were used for the Argon, He-COa-isobutane, and He-DME mixtures, respectively. The helium mixtures are seen to have a resolution about half that of the argon mixture at momenta from 0.1 to 0.5 GeV/c. Below 0.12 GeV/c, the tracks spiral in the drift chamber, making fewer hits and therefore resulting in poorer resolution as the momentum decreases. The difference between the HeCOa-isobutane and He-DME mixtures is slight. The He-DME mixture shows its Table 1 Radiation length X,, [6] and the primary and total ion-pair production [7] from a minimum ionizing particle traversing a gas at atmospheric pressure and 20°C. Individual gas components and mixtures used in this study are shown..
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Helium ( Table 2 Radiation length inside a drift chamber having 40 layers of hexagonal cells and (A) an Ar-C02-methane mixture and copper field wires, or (B) a He-COa-isobutane HC1107 mixture with aluminum field wires. The gas is at atmospheric pressure at 20' C. The tracking length is 60 cm. 
